
Navajo Nation

72,000 km2

27,000 mi2





Objectives and Strategies

Bedrock Mapping: Information for 
land use planning and urban development

Structural stability of housing 
foundations
Environmental impacts of landfills/septic 
systems
Hydrologic Resources
Landscape stability/surface erosion



Objectives and Strategies

Surficial Mapping:
Information for land use 
planning and urban 
development

Geologic Hazards
Landscape changes in 
response to land use and 
climate change
Drought mitigation
Surface Erosion / 
Vegetation
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-Roads recorded on late 1960’s Topographic map.



-All visible roads from 1990’s DOQQs.





Land Surface Changes -Documentation





Temperature & Rainfall Changes 
predicted by High Resolution Regional 
Climate Model 2X CO2

Temperature oC Rainfall 
(mm/day)

Winter + 4.0 -1.0
Spring +4.0 0.0 to +0.5
Summer +5.0 -0.5
Fall +4.0 -0.5 to +0.5



Climate Change

Models Large in scale
Storm Intensity likely to increase
Storm frequency?
Drought Severity likely to increase
Less Snow/More Rain
Thresholds: CO2 in oceans, Fresh water 
input



Total Average Snowfall 1931-2004
NN Avg. TSNW
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Changes in Streamflow 1910-1960



Factors effecting dune mobility
Sensitive to climate 
change
Wind- Drift Potential
Sand Supply
Moisture
Vegetation



Navajo Nation Sand Dunes



Linear Sand Dunes



Barchan (Transverse) Dunes



Parabolic Sand Dunes



Climatic factors of sand dune mobility

Sand dune mobility (M) = W/(P/PE)
Sand transport potential (W) = Percent of time wind 

velocities are high enough to transport sand grains

Effective precipitation (P/PE) = Ratio of total 
precipitation (P) over potential evapotranspiration (PE)



Comparison of Drift Potential



May 20 Windstorm, Red Mesa, NN



Degree of 
Stability







Inactive / Stable Sand Dunes –
P/PE  > 0.30



Largely Active Sand Dunes 
P/PE = 0.30 to 0.125



Fully Active Dunes – Tuba City 
- P/PE<0.125



Known Climatic Variability





Processes responsible for 
changes in the ecosystem





Preliminary Methods
Sand dune mobility indices calculated using  Gold Spring 

climate data 1980 - 2004

Figure 2. Left Map of location of Gold Spring on the Moenkopi Plateau (Billingsley USGS, 1987b) Right Photo of the
Gold Spring geomet site (Hiza-Redsteer USGS, 2004) 



Dune Mobility Index

M < 50 abundant vegetation coverage 
50 < M < 100  mostly stable with bare spots on 
crests
100 < M < 200   vegetation only on the plinth 
with crests lacking vegetation 
M > 200    Sand dunes are unstable, vegetation 
free, and mobile with prevailing winds

Values from past applications (Lancaster, 1988; Muhs & 
Maat, 1993; Lancaster & Helm, 2000)



Climatic sand dune mobility index issues
Gold Spring annual sand dune mobility index (M) 1980-2004
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Figure 3. Annual sand dune mobility indices at Gold Spring 1980-2004 (Thornbrugh, 2005) 

Preliminary Results



About NDVI

Normalized Difference Vegetation Index (NDVI)

Indicates of surface vegetation productivity from AVHRR 
Satellite data

Applicable to various vegetation bio-types 

Used to assess vegetation response to precipitation in US 
Great Plains, Chihuahuan Desert, and Kalahari of Botswana

Very little past research on precipitation & NDVI 
relationships for Colorado Plateau
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Figure 6. Monthly time series of NDVI over Coalmine Mesa 1989-2005 (Thornbrugh, 2005) 

July 1999

June 2002
Low NDVI values concurrent 
with 2001-2004 active sand 
dunes on the Navajo Nation

Coalmine Mesa monthly NDVI 1989 - 2005



Coalmine Mesa annual NDVI distribution
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Hypothesis: Increasing NDVI in the spring could be related to increasing temperature and
increasing NDVI in the late summer could be related to increasing total precipitation.

Gold Spring Tuba City

Mean maximum NDVI vegetation productivity







Tons/Acre Erosion



Kayenta AZ, September 2003



Kayenta, AZ 2004



Dune mobility & destabilization

Land Use
Invasive 
Species 
Drought
Changes in 
sediment 
availability
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